Tungsten disulphide, a prototype semiconducting transition metal dichalcogenide, which possesses a nanoscale dimension in one-axis and infinite length in the plane, is a fundamentally and technologically promising material. [5] It has shown various physical and chemical properties which are present in bulk, layered counterparts, including high charge density, large surface area, remarkable electron mobility, high electron transport having a sizeable band gap, and high density of electronic state. [6] WS 2 can be seen as an inorganic graphene analogue, similar to graphene and h-BN. The structure of WS 2 is based on a hexagonal crystal, where W atom is six-fold coordinated and hexagonally packed between two trigonally coordinated sulphur atoms. One S-W-S layer is weakly bonded to another S-W-S layer through weak Van der Waals interactions. The crystalline form of layered structures of WS 2 usually leads to strong anisotropy in their electrical, chemical mechanical and thermal properties which make WS 2 an ideal candidate for many applications ranging from electronics to catalysis. [7] However, the electrochemical and especially bioelectrochemical applications of WS 2 Scheme 1 illustrates the overall process for the structuring of the Au NP arrays on WS 2 nanosheets and enzyme based hybrid structure for high order enzymatic evolution of
The synthesis strategy is to initially obtain self-assembled WS 2 /Au NP hybrid nanosheets on a gold electrode surface. This is the crucial step to achieve free-standing and stable dispersion for further enzyme assembly. The second step involves the conjugation of the enzyme with WS 2 /Au NP nanosheets to acquire an orderly self-assembled bio-interface. The results show that Au NPs selectively prefer WS 2 surface due to the affinity between sulphur atoms in WS 2 coordinated structure with Au NPs similar to the affinity between any gold surface and sulphur atom in thiol compounds.
We prepared ordered WS 2 /Au NPs/enzyme hybrid structures through electrostatic selfassembly. The horseradish peroxidase was chosen as a representative enzyme that is positively charged (IEP = 8.8) in physiological media. [9] The surface charge of neat WS 2 nanosheets was measured in different pH values. The results show that the nanosheet was highly negatively charged over a wide pH range. This varied between -65 mV and -32 mV over a range of pH 2 to 10, respectively ( Figure S1a ). The charge transfer properties of electrodes modified by different WS 2 based selfassembled nanostructures were further characterised by electrochemical impedance spectroscopy (Figure 3b ). The Randles circuit was chosen to fit the impedance outputs. [12] The Nyquist plots of spectra, which contain semi-circular and linear portions, indicate both electron transfer limited (semi-circular portion) and diffusion process (linear portion) occurred at the same time. The charge transfer resistance (R CT ) at the electrode surface can be quantified based on the diameter of the semi-circular part of the plot. [13] According to calculation, the R CT of WS 2 and WS 2 /Au NPs nanosheet-modified electrode were 0.40 kΩ and 0.42 kΩ, respectively, which was higher than bare gold electrode (0.06 kΩ 
